BACKGROUND: After acute myocardial infarction (AMI), treatment with beta-blockers and angiotensinconverting enzyme inhibitors (ACEI) is widely recognized as crucial to reduce risk of a subsequent AMI. However, many patients fail to consistently remain on these treatments over time, and long-term adherence has not been well described.
BACKGROUND: After acute myocardial infarction (AMI), treatment with beta-blockers and angiotensinconverting enzyme inhibitors (ACEI) is widely recognized as crucial to reduce risk of a subsequent AMI. However, many patients fail to consistently remain on these treatments over time, and long-term adherence has not been well described.
OBJECTIVE:
To examine the duration of treatment with beta-blockers and ACEI within the 24 months after an AMI.
DESIGN:
A retrospective, observational study using medical and pharmacy claims from a large health plan operating in the Northeastern United States.
SUBJECTS:
Enrollees with an inpatient claim for AMI who initiated beta-blocker (N=499) or ACEI (N=526) therapy.
MEASUREMENT:
Time from initiation to discontinuation was measured with pharmacy refill records. Associations between therapy discontinuation and potential predictors were estimated using a Cox proportional hazards model.
RESULTS: ACEI discontinuation rates were high: 7% stopped within 1 month, 22% at 6 months, 32% at 1 year and 50% at 2 years. Overall discontinuation rates for beta-blockers were similar, but predictors of discontinuation differed for the two treatment types. For beta-blockers, the risk of discontinuation was highest among males and those from low-income neighborhoods; patients with comorbid hypertension and peripheral vascular disease were less likely to discontinue therapy. These factors were not associated with ACEI discontinuation.
CONCLUSION:
Many patients initiating evidence-based secondary prevention therapies after an AMI fail to consistently remain on these treatments. Adherence is a priority area for development of better-quality measures and quality-improvement interventions. Barriers to beta-blocker adherence for low-income populations need particular attention.
INTRODUCTION
Approximately 1.2 million acute myocardial infarctions (AMI) occur each year in the United States, resulting in 180,000 deaths. 1 The risk of reinfarction is significant, and prevention is a major public health challenge. 1 There is extensive evidence supporting the use of beta-adrenergic blocking agents (betablockers) and angiotensin-converting enzyme inhibitors (ACEI) for secondary prevention of AMI. [2] [3] [4] Guidelines for the management of AMI from the American College of Cardiology and the American Heart Association (ACC/AHA) recommend betablocker and ACEI therapy for all patients without contraindications, and use of angiotensin II receptor blockers (ARB), for patients who are intolerant of ACEI or show signs of heart failure. 4 In light of the evidence and guideline recommendations, prescription rates for AMI patients upon hospital discharge have appropriately received attention in the last several years. There have been many quality improvement efforts in hospitals to increase the rates of discharge prescriptions for beta-blockers and ACEI. Prescription rates at discharge are considered core performance measures for tracking quality of care provided to AMI patients. 5 Improvements in these rates have been observed through the 1990s and early 2000s, with current rates nationally reaching 93% at hospital discharge for members of commercial managed care plans. 5, 6 Improving rates of appropriate prescriptions at discharge is an important step, but another aspect of post-AMI care that is of critical importance and has received less attention is the extent to which prescribed therapies are maintained over time. The ACC/AHA guidelines recommend that these therapies be used indefinitely. 4 Limited data suggest that many patients who initiated these regimes after AMI have low rates of longterm persistence. [7] [8] [9] [10] Beta-blocker or ACEI therapies are indicated for other diseases (e.g., coronary artery disease and hypertension), and studies following patients with such conditions also demonstrated low long-term adherence rates. [10] [11] [12] [13] [14] [15] To identify subpopulations at greatest risk of therapy discontinuation, this study used administrative data from a large U.S. health plan to describe patient characteristics and comorbidities associated with increased rates of therapy discontinuation during the 2 years after AMI.
METHODS

Design
This is a retrospective observational study examining paid medical and pharmaceutical claims from a large health care organization operating in the Northeastern United States. The study includes claims from indemnity, managed care, and hybrid plans. Participants were enrollees with a hospitalization for AMI between June 1, 2000, and May 31, 2001. Paid medical service claims were used to identify AMI patients. The identification algorithm was similar to the one validated by Kiyota and colleagues. 16 The validated claims-based definition of AMI requires a hospitalization episode lasting at least 3 days with an ICD-9-CM of 410.x1 (x=0-9) listed either as principal or secondary diagnosis. The five-digit ICD-9-CM code 410.x1 represents an initial episode-of-care, and 410.x2 represents a subsequent episode of care, typically involving evaluation or treatment for AMI receiving initial treatment within the preceding 8 weeks. However, in most of the AMI hospitalization claims in our data, the fifth digit was not populated or was coded as 410.x0, corresponding to an unspecified episode-ofcare. Therefore, rather than using 410.x1, inpatient claims with ICD-9=410 were used to identify AMI encounters, and we studied medical claims histories within the 6 months before each encounter to limit the events to initial hospitalizations. A data set incorporating all paid insurance claims for pharmaceuticals, medical services, and procedures was assembled for these patients, describing encounters within 180 days before and 720 days after initial AMI hospitalization, on services provided both for cardiac care and for all other medical conditions. Participants were enrolled in the insurance plan throughout the study period with prescription drug coverage and had complete enrollment and demographic data. The study has two separate but partially overlapping sets of subjects because of the makeup of the outcome variables (i.e., discontinuation among those who initiated beta-blocker therapy and discontinuation among those who initiated ACEI/ARB therapy). To analyze beta-blocker discontinuation, participants were limited to enrollees who did not have a contraindication for beta-blockers in their claims histories and those who filled a beta-blocker prescription within 60 days of hospital discharge. As beta-blockers are contraindicated for patients with asthma, we excluded those who filled a prescription for inhaled corticosteroids (beclomethasone, budesonide, flunisolide, fluticasone, and triamcinolone) or had a diagnosis of asthma in their claims histories (ICD-9-CM=439). In addition, patients with hypotension (ICD-9-CM=458), heart block >1 degree (ICD-9-CM = 426.0, 426.12, 426. 13 4 ) is a relative rather than absolute contraindication, and because these patients initiated beta-blocker treatment, patients with COPD were not excluded, but COPD was controlled for in statistical analyses. The inclusion criteria (other than initiation) yielded 752 patients, of whom 499 initiated beta-blockers within 60 days of discharge. Exclusion criteria for ACEI/ARB analyses were similar to those for beta-blocker analyses except for comorbidities indicating contraindication for beta-blockers; 1,061 patients were identified, of whom 526 (50%) filled an ACEI/ARB prescription within 60 days of discharge.
Outcome Measure
The outcome measure for each cohort was time from initiation to discontinuation. Prescription claims included dispense date, days supplied, and national drug code (NDC) for each filled prescription. Beta-blockers (acebutolol, atenolol, betaxolol, bisoprolol, carteolol, carvedilol, labetalol, metoprolol, nadolol, penbutolol, pindolol, propranolol, sotalol, and timolol), ACEI (benazepril, captopril, enalapril, fosinopril, lisinopril, moexipril, perindopril, quinapril, ramipril, and trandolapril), and ARBs (candesartan, eprosartan, irbesartan, losartan, olmesartan, telmisartan, and valsartan) that were filled by each patient were identified through NDCs on paid claims. Dispense date and days supplied were used to identify the days in which the patient possessed the drug. Therapy was considered discontinued when 60 days or more elapsed after exhausting the cumulative days supplied from prior prescription(s). Inpatient days were excluded when counting towards the 60-day gap. Gaps in therapy of less than 60 days were not treated as "discontinuation"; this approach provides a conservative definition of discontinuation that builds in a "margin for error," allowing for possibilities such as occasional use of medication samples or billing problems. Medication switching was not classified as discontinuation if there was no extended break in therapy (60 days). Consequently, patients who discontinued an ACEI and started ARB, or switched drugs within the same class, are classified as continuing therapy.
Potential Predictors of Therapy Discontinuation
Patient enrollment information provided data on age, sex, and home address. The median household income of the home address neighborhood was used as a proxy for socioeconomic status. 17 Patients were categorized as being from high-income neighborhoods if annual median household income in their ZIP code was higher than $60,000 and lower-income neighborhoods otherwise. Comorbid conditions were identified from the diagnosis codes submitted on medical claims throughout the study period. We identified conditions that increase the risk of secondary AMI or that were highly prevalent, including diabetes (ICD-9-CM =250), hypertension (ICD-9-CM= 401), dyslipidemia (ICD-9-CM=272.0-272.4), congestive heart failure (CHF; ICD-9-CM=428), cerebrovascular disease (ICD-9-CM=430-438), peripheral vascular disease (ICD-9-CM=443.9, 785.4, v43.4, 411), chronic kidney disease (ICD-9-CM=404, 403, 582-583, 585-586, 588), and cancer (ICD-9-CM=140-172, 174-198, 199.1, 200-208) . We also controlled for angina (ICD-9-CM=413) and coronary artery disease (CAD; ICD-9-CM= 414) that was diagnosed prior to the initial AMI hospitalization. We adjusted for the number of days spent in the hospital for initial AMI care, categorized into 3-7 and 8+ days.
Statistical Analyses
The proportion of persons who continued therapy was graphed across days after initiation (the survival distribution function).
Because observations for many people were censored (treatment continued past the last date of observation), survival analysis techniques were used to model time to discontinuation. Survival curves were modeled using the Kaplan-Meier technique, and associations between therapy discontinuation and potential predictors were estimated using Cox proportional hazards regression.
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RESULTS
Beta-Blocker Therapy Table 1 provides the profile of the cohort that initiated betablocker therapy. Two-thirds were male; 59% lived in neighborhoods with lower incomes; 25% were younger than age 55 and more than half were aged 55-74 (54%). The majority of patients (63%) spent 3-7 days in hospital for their initial episode of AMI care. Comorbid conditions were prevalent: 59% Figure 1 . Time to discontinuation for beta-blocker therapy had a diagnosis of hypertension during the study period, 39% had dyslipidemia, and 32% had CHF. Prior to initial AMI hospitalization, 27% had a diagnosis of CAD and 8% had angina. Figure 1 presents the proportion of participants remaining on therapy over the time following treatment initiation. There was an initial drop-off of 6% within the first 30 days, followed by a steady rate of decline in the remainder of the 2-year study period. Even after a year of treatment, the proportion remaining on therapy continued to decline with no clear indication of leveling off. The discontinuation rate reached 18% at 6 months, 28% at 1 year, and 47% at 2 years. Table 1 also shows the associations between characteristics of patients and beta-blocker discontinuation (Cox model). Women were less likely to discontinue therapy (25% decrease in dropout hazard; P<0.05). There were no significant differences in time-to-discontinuation by age. Those living in highincome neighborhoods were less likely to discontinue therapy (28% decrease in dropout hazard; P<0.05). Compared to patients with shorter stays, those who stayed 8+ days in the hospital were more likely to discontinue therapy (HR=1.36; P< 0.05). Presence of comorbid hypertension (HR=0.76; P<0.05), of peripheral vascular disease (HR=0.57; P<0.05), and of dyslipidemia (HR=0.78; P<0.10) was associated with lower likelihood of discontinuation.
ACEI/ARB Therapy
The characteristics of the ACEI/ARB cohort are presented in Table 2 . Sex and neighborhood income distributions were similar to the beta-blocker cohort; 20% were aged 55 or younger and 57% were aged 55-74. We observed high comorbidity rates: almost two-thirds (64%) had a diagnosis of hypertension during the study period and almost half had a diagnosis of CHF (45%); 26% had comorbid COPD. Before hospitalization for AMI, 34% had a diagnosis of CAD and 12% had angina.
Seven percent discontinued therapy after 30 days of initiation (Fig. 2) . As with beta-blockers, there was a subsequent steady decline in the proportion remaining on therapy, with no clear indication of leveling off. The discontinuation rate was slightly faster for ACEI/ARBs compared to beta-blockers, with a total of 22% discontinuing within 6 months, 32% within 1 year, and 50% by 24 months.
The proportional-hazards model (Table 2 ) points to variations that are different from those observed for the beta-blocker cohort. In contrast to the beta-blocker cohort, discontinuation of ACEI/ARB therapy was not associated with sex, neighborhood income, or number of hospital days. Presence of CAD during study period (HR=1.38; P<0.05) and angina (HR=1.51; P<0.05) prior to AMI were significantly associated with higher odds of treatment discontinuation. Similar to the beta-blocker cohort, patients with comorbid dyslipidemia were less likely to discontinue therapy (P<0.10). The effects of the remaining comorbid conditions were statistically insignificant, including hypertension and peripheral vascular disease, unlike the betablocker cohort.
DISCUSSION
Results highlight the difficulty of maintaining consistent longterm use of evidence-based secondary prevention therapies after AMI, even when these therapies are initiated upon hospital discharge. After 2 years of follow up, in a population with continuous health insurance including prescription drug coverage, only about half of AMI patients continuously remained on beta-blocker or ACEI/ARB therapy. Survival analyses suggest that the risk of discontinuation is not limited to those patients with initial difficulties in adjusting and adhering to medication regimens, but continued in a relatively monotonic fashion over the 2-year follow-up period. Even among patients who had successfully remained on the therapies for more than a year post-AMI and were presumably stabilized on these therapies, there was no indication of a "plateau" in continuation rates during the follow-up period. These findings suggest that, to minimize the risk of reinfarction, it is important that support and encouragement to adhere to secondary prevention regimens be provided on an ongoing, long-term basis.
Results also provide some insight into identifying subpopulations at special risk of discontinuation who may be in particular need of support with adherence. Residents of lower-income neighborhoods appeared to be at higher risk of beta-blocker discontinuation. This may not be directly related to the financial burden of medications, as copayments were relatively modest in this population (the copayment was generally $5 for a 3-month supply from a mail-order pharmacy or $5 for a 1-month supply from a retail pharmacy). As there were no gaps in medical or pharmacy coverage and low copayments relative to income, cost of the medication was not expected to be a major barrier to continuous use. Still, despite apparent lack of financial barriers, neighborhood income was a significant factor explaining continuous use of beta-blockers. Understanding the relationship between income and social determinants of health behavior is clearly complex and warrants further investigation. The association between treatment discontinuation and neighborhood income could partially be confounded by race/ethnicity. Many commercial plans do not collect race/ethnicity data. Our results, at minimum, suggest the need for collecting such data to investigate disparities in treatment compliance/adherence. Patients with certain comorbid conditions (hypertension, dyslipidemia, or peripheral vascular disease) were less likely to discontinue beta-blocker therapy, but other comorbid conditions that increase the risk of secondary AMI (e.g., diabetes or chronic kidney disease) did not significantly predict discontinuation hazard. 19, 20 While predictors of therapy discontinuation varied between beta-blockers and ACEI/ARB, a common predictive comorbid condition was dyslipidemia. Reported associations may reflect variations in motivation and the perceived need for treatment adherence, which indicates the need for more thorough studies of patient attitudes. Of note, patients with a diagnosis of angina or CAD within 6 months before AMI were more likely to discontinue ACEI/ARB compared to the patients who were free of these conditions before AMI. It is possible that motivation is affected by "rate" of decline in perceived health. AMI patients who were free of prior angina/CAD could perceive the AMI event as a more severe decline in health and, in turn, be relatively more motivated than patients suffering from angina/CAD prior to AMI. Indepth primary data collection is necessary to investigate the mechanisms behind these associations. Patients who were in the hospital for more than a week were more likely to discontinue therapy compared to those with shorter stays. It is possible that those patients were relatively sicker; some may be experiencing more side effects that adversely effect adherence. The mechanisms behind this association cannot be explained with the current design. However, this variable is readily available for health plan administrators and could be used to identify patients at greater risk for therapy discontinuation. As it is likely to capture relevant clinical variation, we chose to include it in our set of covariates.
We demonstrated that many patients discontinue their therapies after using them for extended periods (e.g., 1 year). Existing studies on outpatient treatment adherence post-AMI are generally limited by relatively short follow-up periods. A few studies extend their follow-up to 1 year. 7, 9, 10, 21, 22 Yet, in our study population, there is no sign of leveling in the discontinuation rates after 1 year post-AMI. We identified two studies examining adherence beyond the first year post-AMI, 8, 11 which have limited generalizability, and more importantly, examine Figure 2 . Time to discontinuation for ACEI/ARB therapy patterns from the 1990s, generally focusing on beta-blockers. Our findings reflect treatment patterns in a period of concerted efforts to increase use of beta-blockers and ACEI after AMI. The period was also marked by relatively higher rates of therapy initiation at the time of hospital discharge. Our research makes a unique contribution to the literature by following up patients for 24 months post-AMI in addition to examining the association between socioeconomic status and comorbidities on treatment discontinuation. Our findings are limited to information derived from insurance claims; clinical details are limited to diagnosis histories and the data lack many relevant variables that could be collected by interviews (e.g., patient's motivation and side effects experienced). Side effects such as cough and increased potassium can occur on ACEI, and beta-blockers can cause significant fatigue and loss of sexual functioning. 23 Even when the patient is well informed about the long-term protective effects of these medications, side effects could counterbalance the patient's motivation and lead to therapy discontinuation. The outcome measure, pharmacy refill persistence, does not verify administration of drugs but does address the question of drug availability. Possession of a current filled prescription is a necessary, though not always a sufficient condition for therapy adherence. Grymonpre et al. studied the validity of a similar measure for ACEI among elderly individuals and reported 95% concordance with pill counts. 24 The high concordance between claims-based measures and pill counts suggests that the rate with which patients refill their medications usually is consistent with the rate with which they consume them. Inadequate use of these treatments is a significant source of avoidable mortality, morbidity, and consequent health care expenditures. Our results suggest that important improvements are possible in quality of care, and adherence is a priority area for development of better-quality measures and quality-improvement interventions. The National Committee on Quality Assurance recently implemented a relatively longer term measure (6 months) of persistence of beta-blocker treatment after a heart attack. 25 In light of our findings of poor therapy persistence, this measure needs to be closely monitored. Our findings also suggest the need for longer-term quality measures because our results indicate that more than half of therapy discontinuation over the first 2 years happens after the initial 6 months of therapy. In addition, quality measures need to be developed for persistent use of ACEI/ ARB therapies. Efforts to improve prescription of appropriate medications upon hospital discharge, which have been a key focus of quality-improvement programs, may not by themselves be sufficient as a means of improving AMI outcomes. Rather, such efforts need to be complemented with sustained efforts to address the difficult challenge of long-term adherence to medication regimens that decrease the risk of reinfarction. More needs to be learned about how to best target interventions. While disease management strategies often target patients with the highest overall risk of reinfarction for the most intensive interventions, results for beta-blockers suggest that post-AMI patients with fewer comorbidities may actually have greater risks of treatment discontinuation, perhaps because their involvement with the health care system is less intense and they may have fewer indications for beta-blocker use. Socioeconomic factors also need to be considered in developing interventions to improve adherence.
